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Abstract

Background: Wearing a face mask is one of the most effective personal protective
strategies to diminish the spread of coronavirus disease 2019 (COVID-19). Several
dermatological outcomes were reported because of the prolonged use of face masks,
especially due to the constant mask-on policy, but the photoprotective effect of face
masks has received less attention.

Objective: The aim of this study was to provide guidance in the use of face masks by
comparing the photoprotective effects of routinely used masks.

Methods: A total of 12 frequently used face masks were tested, including certified
respirators, Korea filter (KF)94, KF-anti-droplet (KF-AD), and KF80. The amount of
light that penetrates each face mask was measured using a light sensor that can quan-
tify Ultraviolet A (UVA), visible light (VL), and infrared A (IR-A) rays.

Results: Black-colored KF94 masks and surgical masks reduced penetration of UVA,
VL, and IR-A by approximately 100%. The UVA penetration decreased on average by
95.51%, 90.97%, 85.06%, and 86.41% with white-colored KF94, KF-AD, KF80, and
surgical masks, respectively. The VL and IR-A were blocked by approximately 75.58%,
66.16%, 59.18%, and 64.48% with white-colored KF94, KF-AD, KF80, and surgical
masks, respectively.

Conclusion: In conclusion, the different photoprotective effectiveness of face masks
was mainly determined by colors, and therefore, black-colored, multi-layered respira-
tors can be recommended in terms of photoprotection in the COVID-19 pandemic.
The quantified comparative results will be helpful to the person with pre-existing

photo-aggravated dermatosis, especially in the season of the high intensity of sunlight.
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1 | INTRODUCTION

Face masks are one of the most effective personal protection products
to slow down the spread of coronavirus disease 2019 (COVID-19).12
Mask wearing has been recommended by public health authorities to
minimize the spread of exhaled respiratory droplets and possibly re-
sultant airborne transmission of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2).2 Public health authorities recommend
wearing face masks in indoor public places and crowded outdoor
settings, especially in the circumstances of substantial or high trans-
mission.®™ In particular, South Korea (hereinafter Korea) has received
considerable attention from the media worldwide for its exceptional
adherence to face masks, which cannot be solely explained by man-
datory policies on mask wearing.®® Consequently, a large number of
people have been exposed to the effects of prolonged mask wearing
on facial skin, and studies on the long-term use of face masks have
mostly focused on the negative impact, including increased skin sensi-
tivity, irritation, itching, and exacerbation of pre-existing dermatoses
such as acne and rosacea, among others.” ™

However, prolonged coverage by face masks is expected to have
positive photoprotective effects because masks can be grossly re-
garded as an ultraviolet (UV) protective fabric—an important phys-
ical protective agent.!2® Ultraviolet A (UVA) and visible light (VL)
have been regarded as causative factors in skin aging, pigmentation,
and erythema.**"'7 In addition, it has been suggested that infrared A
(IR-A) plays an important role in photoaging as well as dermal inflam-
mation.*® In this context, the purpose of the study was to quantify
the degrees of photoprotective effectiveness against UVA, VL, and
IR-A by frequently used face masks and provide guidance in the use
of face masks, especially in the season of high UV index during which

sun protection is essential.l’

2 | MATERIALS AND METHODS

2.1 | Face masks and study design

Easily purchasable face masks that are widely used in Korea were
screened and selected for this study. The Korea Disease Control and
Prevention Agency suggested using the Ministry of Food and Drug
Safety (MFDS)-approved respirators such as Korea filter (KF)94,
KF80, KF-anti-droplet (KF-AD), or surgical masks,® as the majority
of Koreans have been accustomed to wearing the certified masks.
KF9%4 is the Korean equivalent of filtrating facepiece (FFP)2 respira-
tors in Europe and N95 respirators in the United States of America
(USA).2*16 KF80 is a comparable grade corresponding to FFP1.3%°

2.2 | Measurement of photoprotective
effectiveness of face mask

The amount of light that reached the surface of the cheek, naked as
well as covered by a face mask, was evaluated in triplicate at noon

from July to August 2021 in an open field in Seoul (37°N and 126°E)
with a light sensor (TM-208; Tenmars Electronics Co., Ltd., Taipei,
Taiwan). The light sensor could measure the degree of UVA rays
(320-400nm, peak sensitivity 365nm) and rays with comparably
longer wavelengths, VL and IR-A (peak sensitivity 400-1100nm).
The light sensor could measure up to 4OOOuW/cm2 and 2000W/
m? of UVA rays and VL and IR-A, with the minimum resolution of
0.1 pW/cm2 and 0.01W/m?, respectively. The accuracy of the light
sensor was +4% for UVA rays and+ 5% for VL and IR-A.

The light sensor was placed on the facial surface while the inves-
tigator gazed forward with the head positioned on a horizontal plane
parallel to the ground during the measurement. The placement of light
sensor along with or without masks is illustrated in Figure S1. The light
sensor was intended to be placed not to alter the original curvature of
face masks as much as possible. In addition, the investigator pressed
every direction to avoid measuring exaggerated value due to uninten-
tionally penetrated light from a slight gap between mask and skin sur-
face. The intensity of light was recorded as the average intensity of 5 s.
The investigator consistently placed a light sensor on the same region
and wore the face masks with the coherent head position in the same

place and time to minimize the interference by unintended variables.

2.3 | Statistical analysis

Statistical differences in the reduction in UVA, VL, and IR-A by dif-
ferent face masks were analyzed using analysis of variance or the
Kruskal-Wallis test. All analyses were performed with IBM SPSS
version 20.0, for Windows (IBM Corp., Armonk, NY, USA), and p-
values <0.05 were considered statistically significant.

3 | RESULTS

3.1 | Characteristics of face masks

A total of 12 different face masks were used in the study, as illus-
trated in Figure 1, and detailed properties are provided in Table 1
according to types, colors, number of layers, materials, companies,
and weight per unit area. All respirators were approved by the MFDS
and categorized into KF94, KF-AD, and KF80. Frequently used surgi-
cal and reusable masks were also used in this study.

3.2 | Environmental and measurement conditions
The study was conducted on three different clear and sunny days
in July and August at noon. The average temperature and humid-
ity were 31.23+2.11°C and 50.67 +2.08%, respectively. The aver-
age particulate matter (PM) parameters, PM2.5 and PM10, were
10.00+6.24 and 15.67 +8.62, respectively. The average UV index
was 7.33+1.53 and could be categorized as high to very high de-
grees of UV exposure.’’
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FIGURE 1 lllustrations of commercially available face masks in Korea that were tested. Detailed properties including types, colors, and

symbolized company names are described in Table 1

3.3 | Performance of face masks in UVA reduction

The measured values of UVA on bare and masked skin surface are
documented in Table 2. The degree of UVA reduction by different
face masks is shown in Figure 2. The black masks numbered from
1 to 3 consisted of one surgical mask and two KF94 types. The
black masks showed nearly 100.00% blockage of UVA penetration,
with masks 1, 2, and 3 blocking 99.55+0.78, 100.00+0.00, and
100.00+0.00% of UVA rays, respectively. The white-colored KF94
masks numbered 4 to 6 showed 96.78+4.46, 98.22+2.74, and
91.52+5.54% of UVA reduction, respectively. The white-colored
KF-AD mask numbered 7 and KF80 masks numbered 8 and 9 re-
sulted in 90.97 +2.27, 88.74+5.07, and 81.37+7.20% of UVA re-
duction, respectively. The white-colored surgical mask numbered
10 showed an 86.41 +5.55% reduction in UVA. The white-colored
and translucent reusable masks numbered 11 and 12 displayed
89.45+5.34 and 45.69 +7.09% of UVA reduction, respectively. Both
the black-colored surgical and KF94 masks showed statistically sig-
nificant UVA reduction compared with the results of white-colored
KF80 and surgical masks (p<0.01 and p<0.05, respectively).

Black-colored KF94 masks provided numerically higher UVA re-
duction when compared to white-colored KF94 and KF-AD masks,
although no statistical significance was found. The white-colored
KF94 masks resulted in a statistically superior UVA reduction in

comparison with white-colored KF80 masks (p <0.01).

3.4 | Performance of face masks in VL and IR-
A reduction

The measured values of VL and IR-A on bare and masked skin sur-
face are documented in Table 2. The degree of VL and IR-A reduc-
tion by the 12 face masks is presented in Figure 3. The black-colored
masks numbered 1 to 3 also showed nearly 100.00% blockage
of VL and IR-A penetration, and corresponding to 99.75+0.15,
99.41+0.03, and 99.44+0.08%, respectively. The white-colored
KF94 masks numbered 4 to 6 showed 80.77+4.19, 74.87 +4.43,
and 71.11+8.20% of VL and IR-A reduction, respectively. The
white-colored KF-AD mask numbered 7 and KF80 masks numbered
8 and 9 resulted in 66.16+7.70, 65.76+1.97, and 52.60+18.19%
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TABLE 1 Characteristics of various facial masks used in the study
Numberof Weight (g) per unit
No. Type Color layers Material(s) Company area (3x 3cm)
1 Surgical Black 3 PolypropelenePolyethylene a 0.12
2 KF94 Black 4 PolypropelenePolyethylene a 0.19
3 3 Polypropelene b 0.13
4 KF94 White 4 PolypropelenePolyethylene a 0.14
5 3 PolypropelenePolyethylene b 0.13
6 3 Polypropelene [« 0.10
7 KF-AD White 3 Polypropelene d 0.08
8 KF80 White 3 PolypropelenePolyethylene a 0.08
9 2 Polypropelene [ 0.10
10 Surgical White 3 Polypropelene e 0.05
11 Reusable White 3 Micro-nanofiber(Polyester) f 0.19
12 Translucent 3 Micro-nanofiber(Polyester) f 0.09
Type/color of facial -LIJ-I?ranI;:Ief A[Ete\i‘:; ;er::l\iilsl:tflicl)f ht (VL)
No. mask UVA (W/em?) VL and IR-A (W/m’) and infrared A (IR-A) on bare (cog;1trol, Ctrl)
Ctrl - 74.3 54.4 133.6 280.4 128.2 507.0 and masked skin surface. The amount of
1 Surgical/black 1.0 0.0 0.0 0.3 0.5 11 light was assessed in triplicate at noon
2 KF94/black 00 00 0.0 16 0.8 31 if;Osn;:5|I?Istc?u?:iisrtejozl in an open field
3 0.0 0.0 0.0 1.4 0.7 3.3
4 1.0 0.0 111 40.4 27.2 111.8
5 KF94/white 0.3 0.0 6.6 56.7 33.8 146.1
6 7.8 1.2 17.0 65.3 491 127.2
7 KF-AD/white 79 3.5 13.4 70.3 50.6 187.5
8 KF80/white 7.0 4.0 227 929 42.4 185.1
9 19.3 6.3 24.5 89.3 86.4 217.8
10 Surgical/black 9.1 4.8 26.3 68.1 68.9 144.6
11 Reusable/white 12.3 3.4 11.7 116.3 45.7 206.9
12 Reusable/translucent ~ 46.3 28.2 65.2 191.0 73.4 376.0

of VL and IR-A reduction, respectively. The white-colored surgical
mask numbered 10 showed 64.48+15.93% of VL and IR-A reduc-
tion. The white-colored and translucent reusable masks numbered
11 and 12 displayed 60.70+3.21 and 33.49 +8.56% of VL and IR-A
reduction, respectively. Both the black-colored surgical and KF94
masks showed statistically significant VL and IR-A reduction com-
pared with the results of the other masks, including white-colored
KF94, KF-AD, KF80, surgical and both reusable masks (p<0.01).
The white-colored KF94 masks resulted in statistically superior VL
and IR-A reduction compared with the white-colored KF80 masks
(p<0.05).

4 | DISCUSSION

As of October 2021, SARS-CoV-2 has infected more than 243.87
million people and led to 4.95 million deaths.?! The common mode of

SARS-CoV-2 transmission is exposure to large respiratory droplets
during close contact.»>* The optimum use of face masks including
N95 respirators and surgical masks give effective protection com-
pared with that with no mask.>? An N95/N99 respirator is the USA
equivalent of FFP2/FFP3, which means the mask filters at least 94%
and 99% of airborne particles.® FFP is the categories of masks used
in European standard of testing face masks.> FFP1 is the grade of
mask that filters at least 80% of particles. The efficacy of FFP1/FFP2
corresponds to the KF80/KF94 grade of masks certified by MFDS
in Korea.

As a personal protection strategy in the COVID-19 pandemic,
many people practice prolonged mask wearing, and the dermato-
logical effects on facial skin have naturally gained attention in the
field of dermatology.”*1?22% Prolonged wearing of face masks has
been associated with negative impact on the biophysical properties

10,11,22

of skin and an aggravation of de-novo or pre-existing derma-

toses including mask-induced acne, perioral dermatitis, and contact
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FIGURE 2 Percentage reduction in
ultraviolet A (UVA) by face masks with
different properties including colors
(black and white) and types (I: surgical
mask, II: KF94, Ill: KF-AD, I1V: KF80, V:
reusable mask). Values reflect the average
difference between the masked and bare
skin. Error bars show standard error

color black

type

100+

FIGURE 3 Percentage reductionin
visible light (VL) and infrared A (IR-A)
by face masks with different properties
including colors (black and white) and
types (I: surgical mask, II: KF94, III: KF-
AD, IV: KF80, V: reusable mask). Values
reflect the average difference between
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the masked and bare skin. Error bars show 5
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dermatitis.”?® Despite the above-mentioned multiple negative in-
fluences, face masks can be regarded as effective physical photo-
protective agents covering a most central facial area known to be
the most heavily sun-exposed areas and therefore prone to have
photosensitive drug eruption, chronic actinic dermatitis, and actinic
keratosis.?* In addition, the covering of central face by the face mask
with higher photoprotective function can prevent the accumulation
of UV-induced image on high-risk zone for basal cell carcinoma and
squamous cell carcinoma, where Mohs micrographic surgery is most
benefited.?®> Our previous study also reported that centrofacial area
was vulnerable to the exposure of VL and infrared rays even in auto-
mobile.** Although face masks cannot cover the entire facial skin, it
is still important to investigate which products provide better photo-
protective effectiveness and analyze causative reasons.

The photoprotective efficacy of face masks is affected by the
color, types of materials, thickness, hydration, etc.>'® One study

reported the level of photoprotection offered by surgical, fabric,
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and homemade masks against UV radiation.'> However, no pre-
vious study has evaluated the photoprotective effectiveness of
respirators. Therefore, this study was designed to quantify the pho-
toprotective effectiveness of face masks, including MFDS-approved
respirators, and to analyze the difference in efficacy according to
their color, number of layers, types of materials, and weight per unit
area.

UVA, VL, and IR are well-known factors causing skin aging.”’26
In addition, UVA and VL induce erythema and increased pigmen-
tation, particularly in darker skin.131526 |R-A penetrates into
the deep dermis and contributes to the loss of collagen fiber.?
Moreover, the photocarcinogenic property of UVA has been well
documented.?® Our results showed that black-colored KF94 masks
and surgical mask blocked the exposure to UVA, VL, and IR-A by
approximately 100% (Figures 2 and 3). Black-colored face masks
showed a statistically significant reduction in VL and IR-A com-
pared with all the other products and a numerically higher degree
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of UVA reduction, although statistical significance was only found
in comparison with white-colored KF80 and surgical masks.
Further examinations, including the black- colored KF80 mask of
company a, were conducted to additionally verify the determin-
ing photoprotective effect of color. The triplicate examinations
proceeded on different sunny days at noon in March 2022 in the
same place in Seoul. The black-colored KF80 mask demonstrated
100.00+0.00% reduction in UVA and 98.52 +0.24% blockade of
VL and IR-A, similar to the formal results of black-colored KF94
and surgical masks. Therefore, dark color seemed to be a superior
determining factor in the photoprotective effectiveness of face
masks regardless of the types, number of layers, materials, and
weight per unit area.

White-colored KF94 is one of the most frequently used face
masks in Korea, and three types of white KF94 masks showed more
than 90% reduction in UVA and 70% reduction in VL and IR-A reduc-
tion (Figures 2 and 3). The slight individual difference among masks
4,5, and 6 (Figures 2 and 3) seemed to be influenced by multiple fac-
tors including the number of layers, composed materials, and weight
per unit area (Table 1). The number of layers might cause the better
result of the mask numbered 4 compared with the other white KF94
masks.

White-colored KF80 is preferred by people who favor its easier
breathability compared with KF94 but showed statistically inferior
UVA as well as VL and IR-A reduction when compared to white-
colored KF94. The plausible explanation regarding the individual dif-
ference between the masks numbered 8 and 9 could be the number
of layers and composed materials. The respirators are non-woven
fabric generally composed of three different layers: the outermost
waterproof layer, the middle filter piece, and an innermost absorbent
layer.?” The KF80 mask numbered 8 is composed similarly of three
layers; an outermost layer, a filter in the middle with polypropylene
(PP), and an innermost layer with polyethylene (PE)/PP. The other
KF80 mask, numbered 9, comprised only two layers: the outermost
layer and the PP filter (Table 1). The bicomponent PE/PP membrane
of the mask numbered 8 may be benefited from the distinct three-

dimensional fluffy structure®’?

and this additional layer might be
the reason for the difference.

The white-colored reusable mask composed of polyester
showed similar photoprotective effectiveness toward UVA, VL,
and IR-A compared with the results of white-colored KF80 and
surgical masks. However, the results of translucent reusable mask
regarding photoprotection were consistently inferior to those
of all other products. The individual differences between masks
numbered 11 and 12 (Figures 2 and 3) seemed to be determined
by color, possibly due to fabric construction and weight per unit
area (Table 1).

In conclusion, our data show that frequently used face masks
showed meaningfully different photoprotective effectiveness,
mainly determined by colors and partly influenced by types of
masks and number of layers. Based on the result of our study, black-
colored, multi-layered respirators can be recommended in terms

of photoprotection. Considering the pandemic situation where the

wearing mask has been universal, the result can be helpful to the
general population who need an additional way of photoprotection
in the season of the high UV index and the patients with pre-existing

photo-aggravated dermatosis.
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